Concurrent micronutrient deficiencies are prevalent among Vietnamese school children. A school-based program providing food fortified with multiple micronutrients could be a cost-effective and sustainable strategy to improve health and cognitive function of school children. However, the efficacy of such an intervention may be compromised by the high prevalence of parasitic infestation. To evaluate the efficacy of school-based intervention using multi-micronutrient-fortified biscuits with or without deworming on anemia and micronutrient status in Vietnamese schoolchildren, a randomized, double-blind, placebocontrolled trial was conducted among 510 primary schoolchildren, aged 6-8 y, in rural Vietnam. Albendazole (Alb) (400 mg) or placebo was given at baseline. Nonfortified or multi-micronutrient-fortified biscuits including iron (6 mg), zinc (5.6 mg), iodine fortification significantly enhanced deworming efficacy, with the lowest reinfection rates in children receiving both micronutrients and Alb. Multi-micronutrient fortification of biscuits is an effective strategy to improve the micronutrient status of Vietnamese schoolchildren and enhances effectiveness of deworming.
Introduction
Micronutrient deficiencies of iron, zinc, iodine, and vitamin A are major public health problems among children in most lowincome countries. Micronutrient deficiencies often occur simultaneously and single micronutrient deficiency tends to be less common. Moreover, these deficiencies are accompanied with other health problems, such as parasitic and common infections (1) (2) (3) . Inadequate intake of food, both in quality and quantity, and high requirements due to growth combined with a high burden of infectious diseases often result in micronutrient deficiencies among vulnerable groups, especially children (3).
Helminthic infections have been shown to be major contributors to anemia and malnutrition in the developing world through subtle reductions in digestion and absorption, chronic inflammation, and nutrient losses (4) (5) (6) (7) . In addition, nutrient deficiencies impair immune response against intestinal parasites (8) . Deficiencies of micronutrients such as iron, vitamin A, and zinc affect immune functions, which may decrease the body's resistance to intestinal parasites, resulting in exacerbated worm burdens (8) (9) (10) (11) . Indeed, iron deficiency in pigs was associated with higher severity of Trichuris suis infection, whereas iron supplementation in human adults resulted in lower infection rates of Trichuris trichura and Ascaris lumbricoides (9, 11) . Hence, both intestinal parasitic infections and nutritional deficiencies are important determinants of anemia, growth retardation, poor school attendance, and poor cognitive performance (12) (13) (14) .
In Vietnam, anemia, iron deficiency, iron-deficiency anemia, vitamin A deficiency, iodine deficiency disorders, and zinc deficiency are still prevalent despite marked improvements resulting from public health interventions, including nationwide iodization of salt, half-yearly vitamin A supplementation for children from 6 to 36 mo, and a protein-energy malnutrition program focusing on children ,5 y old and pregnant women (15) (16) (17) (18) . In 2007, the prevalence of stunting was 33.9% among children ,5 y of age (19) . This indicates a chronically poor diet, with possible risk of energy, zinc, and other micronutrient deficiencies. The National Nutrition Survey in 2000 showed a prevalence of anemia of 24% among women of reproductive age and of 34% among children ,5 y of age (18) . Studies in primary school children in rural Vietnam showed a prevalence of anemia of 25% (13) and a prevalence of goiter among 8-to 10-y-old children of 10.1% (18) . Moreover, intestinal parasitic infection is prevalent among rural primary school children, having an overall prevalence of worm infections of 92% (67% Ascaris, 76% Trichuris, and 8% hookworm) (13) . Although nationally representative data for school children are limited, the reported high prevalences of micronutrient deficiencies and parasitic infections warrant a consideration for effective interventions.
Rural Vietnamese school-age children are a neglected group with regard to micronutrient interventions. Both school feeding and deworming have been proposed for targeted intervention in this age group (14) . Currently, school-based deworming programs have been implemented in less than one-half of the provinces in Vietnam, mostly in those with a high prevalence of parasite infestation (20) , but there exists no school feeding program in rural areas in Vietnam. Food fortification with multiple vitamins and minerals combined with deworming could be the most effective strategy, if they work synergistically. Therefore, the present study investigated the impact of providing a multi-micronutrient-fortified biscuit alone or in combination with deworming on anemia and micronutrient deficiencies among Vietnamese school children.
Subjects and Methods
Study population and design. The study was conducted in 2 primary schools in Bai Say and Xuan Truc communes, Hung Yen province, Vietnam. Hung Yen is a province in the Red River Delta in the north of Vietnam, ;50 km east of Hanoi. The studied communes are typical of the rural northeast area in terms of sociodemographic status. Agriculture is predominant, with rice farming as the main occupation and income source. Inclusion criteria were school children aged 6-8 y and written informed consent from parents/caregivers. Exclusion criteria were hemoglobin (Hb) 8 concentrations ,80 g/L (referred to health clinic), chronic illness, congenital abnormalities, mental or severe physical handicap, severe malnutrition [Z-scores for weight-for-height (WHZ) , 23.0 SD], obesity (BMI $ 25 or Z-scores for WHZ . 12 SD), or receiving deworming within the previous 6 mo. Children who were not included in the study were given similar, noncoded biscuits.
The study was conducted between January and June 2007. A sample size of 123 children per group was calculated to detect a difference in Hb concentration of 4 g/L with an estimated SD of 9 g/L, a significance level (2-tail test) of 5%, and a power of 90%, with an additional 15% allowance for dropouts (21, 22) . Secondary outcomes such as changes in zinc, iodine, and ferritin concentration all needed smaller sample sizes.
Pupils were recruited from 2 schools that had been selected on the basis of a high prevalence of anemia and parasite infestations among school children during an earlier survey. In total, 642 children aged 6-8 y in 20 classes were available, of which 550 children were randomly selected. Forty children did not meet the entrance criteria, either because they had been dewormed in the previous 6 mo (n ¼ 16), refused participation (n ¼ 14), or were excluded for other reasons (n ¼ 10; Fig. 1 ). Hence, 510 pupils were allocated to 1 of the 4 intervention groups based on a computer-generated list, matched on age (12-mo age groups) and sex, and using a block size of 8 by one of the researchers not involved in the field work (F.T.W.). The codes of the groups were not known to the teachers, field research assistants, or any researchers during the field implementation. The 4 intervention groups were: 1) nonfortified biscuit plus placebo deworming-treatment (placebo); 2) multi-micronutrientfortified biscuit plus placebo deworming-treatment (MMF); 3) nonfortified biscuit plus deworming treatment with albendazole (Alb); or 4) multi-micronutrient-fortified biscuits plus deworming treatment with Alb (MMF1Alb).
The study was approved by the Ethical Committee on Human Research of the National Institute of Nutrition (NIN), Hanoi, Vietnam, and the Human Ethics Committee of Mahidol University, Bangkok, Thailand. Written informed consent was collected from all parents/ caregivers of pupils prior to the enrollment in the study.
Intervention and monitoring. After the baseline data collection, a single dose of intestinal anthelminthic treatment as orange-flavored chewable tablets containing 400 mg Alb (Vidoca) or identical placebo tablet was given. Deworming with Alb was given to all children at the end of the study after the final stool sample collection.
The nonfortified biscuits were produced from wheat flour, sugar, vanilla, flavoring, shortening, leavening, whey powder, salt, and water by Bibica Company. The composition of the multi-micronutrientfortified biscuit was similar to the nonfortified biscuit except for a premix of vitamins and minerals ( Table 1) .
Iron, zinc, iodine, and vitamin A met 50, 50, 35, and 60%, respectively, of the Recommended Nutrient Intake (RNI) (23) . B vitamins met 60-110% RNI; vitamin E, K, and other nutrients included in the multi-micronutrient-fortified biscuits met 10-40% RNI for children 7-9 y old. Furthermore, the biscuits provided 556.5 kJ (133 kcal)/serving. Biscuits (30 g) were packaged in aluminum foil with green and red marks. The code of fortified and nonfortified biscuits, Alb, and placebo were kept by the manufacturers and by a member of the institute staff not directly involved in the study until the data analysis was finished. The multi-micronutrient-fortified and nonfortified biscuits were identical in taste, appearance, and smell. All investigators, field assistants, teachers, and children did not know the codes of the study groups.
Before the study, teachers, school assistants, and research assistants were informed of the aims of the research and trained for their tasks by experienced staff of the NIN, Vietnam. Detailed instructions for recording side effects and other information were also given. Feeding attendance, compliance, and side effects were closely monitored and recorded daily by the teachers and school assistants using feeding and compliance record forms. Biscuits were given at ;1500 daily on 5 school days/wk for 16 wk. The teachers distributed 1 serving of biscuits each day to the pupils according to the assigned codes. Each pupil wore a colored name card that matched the colored codes on the package and teachers had a list of children assigned to every intervention group to ascertain the correct distribution of the biscuits. The biscuits not consumed by the pupils were given back to the teachers and recorded. The feeding session was strictly supervised by the research assistants and the follow-up form was reviewed weekly.
Data collection. Data concerning socioeconomic status was collected at baseline only. Anthropometrical data and blood and urine samples were collected from all children at baseline and the end point, whereas stool samples for parasite infestation were collected at baseline, after 2 mo, and at the end point to assess the dynamics of reinfestation.
Sociodemographic assessments. During the baseline survey, the parents or child caregivers were interviewed about sociodemographic characteristics of the children (age, sex, illness history, medical supple-ments) and mothers (age, education, family size, and household socioeconomic status) using standardized questionnaires by trained research assistants.
Anthropometric measurements. Anthropometry was performed by the same experienced anthropometrist at baseline and at the end of intervention period. The height of the children was measured without shoes to the nearest 0.1 cm using a wooden height board (UNICEF). Weight was measured to the nearest 0.1 kg on a portable batterypowered digital scale (AND) with children wearing light clothes, following standard procedures (24) . Anthropometric data were calculated as Z-scores for weight-for-age (WAZ), height-for-age (HAZ), and WHZ, using the EpiInfo program (version 6.0, CDC) and the National Center for Health Statistics/WHO growth reference data (25) .
Sample collection. A nonfasting blood sample was drawn by venipuncture in the afternoon: 2 mL in an EDTA vacutainer tube (Vacuette, Greiner Bio One) for hematological tests, and 4 mL in a heparinized trace element-free tube (Vacuette, Greiner Bio One) for biochemical tests. Samples were stored in a cool box and transported to the central laboratory within 5 h of blood collection. The heparinized blood samples were centrifuged at 3000 3 g; 10 min at room temperature and plasma was separated, stored in capped tubes, and frozen at 270°C until analysis. For all blood sample collection procedures, trace element-free tubes and pipettes were used and samples were protected against sunlight.
Casual urine samples (15 mL) were collected into capped plastic tubes. Specimen containers with detailed instructions for stool sample collection were distributed to children 1 d before the survey, with the request to bring stool samples on the next day. Stool specimens were collected at the school by laboratory technicians, preserved following standard procedures (26) , and brought to the parasitic laboratory of the Medicine Laboratory Technology on the same day of sample collection.
The Modified Relative Dose Response test (MRDR), which is a measurement of vitamin A liver store, was conducted at the end point of the survey only. Between 0900 and 1030, children were given a single oral dose of 2 mg (7.0 mmol) of 3,4-didehydroretinyl acetate (DR) dissolved in 200 mL corn oil. Children were served a lunch with high-fat and low-vitamin A-containing foods such as cooked rice, fried peanut, fried tofu, and cabbage. After 5 h 6 15 min of DR administration, 4 mL of blood was taken (27) in a heparinized trace element-free tube.
Laboratory analysis. RBC, Hb concentrations, and hematocrit were measured using an electronic Coulter counter at the Medicine Laboratory Technology. Hemoglobinopathies were screened at baseline by electrophoresis at the National Pediatric Hospital in Hanoi, Vietnam. Plasma ferritin and transferrin receptor (TfR) were measured by ELISA using commercial kits that included reference samples (Ramco Laboratories) and were performed at the NIN. The accuracy was tested against the WHO international standards (Ramco Laboratories). Plasma retinol (R) and DR concentrations were determined by reverse-phase HPLC (LC-10 ADVP) (28) and plasma zinc was analyzed using a flame atomic absorption spectrophotometer (GBC, Avanta+) using trace element-free procedures at NIN; results were verified against reference materials for zinc (Merck) and iodine (BDH Laboratory Supplies). C-reactive protein (CRP), an acute phase protein, was used to quantify the acute phase response as a marker of inflammation. Plasma CRP was measured by ELISA using a commercial kit (Diagnostic Systems Laboratories), which included reference samples. The urinary iodine concentration was analyzed using spectrophotometric methods (29) and was performed at the Provincial Preventive Medicine Center, Thainguyen, Vietnam. Assay precision was evaluated on repeated analysis of pooled plasma and urine samples. Ten percent of samples of each parameter were measured in duplicate. The within-assay variability of plasma ferritin, TfR, retinol, zinc, CRP, and urinary iodine was ,6% and between-assay variability was ,10%. Quantitative egg counts of Ascaris, Trichuris, and hookworm were performed using the Kato-Katz technique (26) at the Medicine Laboratory Technology Co., Ltd, Hanoi, Vietnam. The egg output was expressed as mean eggs/g feces. All laboratory personnel were unaware of the group assignments.
Definitions. Anemia was defined as Hb concentration ,115 g/L for children aged 6-11 y old (30) . Plasma ferritin concentrations ,15 mg/L were defined as depleted iron stores (30) in the absence of signs of inflammation (CRP ,10 g/L) (31) . Iron deficiency anemia (IDA) was defined as Hb ,115 g/L and plasma ferritin ,15 mg/L (27) . Plasma TfR concentration .8.5 mg/L was considered an indication of tissue iron deficiency (32) . Body iron was calculated using the equation: body iron (mg/kg) ¼ 2 [log(TfR:ferritin ratio) 2 2.8229]/0.1207 (33) . Vitamin A deficiency was defined as plasma retinol concentrations ,0.70 mmol/L. For the MRDR, the ratio of plasma DR:R (mol/mol) was calculated. MRDR values $ 0.060 indicated inadequate vitamin A liver stores (34) . Zinc deficiency was defined as plasma zinc concentration ,8.7 mmol/L for blood samples taken from a nonfasting afternoon (35) (36) .
Statistical analysis. Data were analyzed with SPSS software (Windows, version 13.0). Normality of data were tested with the KolmogorovSmirnov test. Ferritin concentrations were log-transformed to obtain a normal distribution before further analysis. The difference of means within each group before and after the intervention was tested by paired t test and differences in prevalence from baseline were tested with the McNemar test. Difference among groups was tested by 1-way ANOVA and were specified in the study protocol prior to recruitment. ANCOVA models were used to assess the estimated effect sizes of fortification and deworming, with baseline values, sex, CRP, and age included as covariates. P-values , 0.05 and , 0.1 were considered significant for the main effects and interactions, respectively. Multiple comparisons were tested with the Bonferroni post hoc test. For data not normally distributed, nonparametric tests were used. Logistic regression, controlling for age, sex, CRP concentrations, and baseline prevalence of the variables, was performed to compare the effects of fortification and deworming on the prevalence of anemia and micronutrient deficiencies. The effect sizes of fortification and deworming were estimated from the estimated marginal means using the full ANCOVA models. Values in the text are means 6 SD unless otherwise noted.
Results
Of the 510 children, 44 children dropped out (Placebo, 10; MMF, 14; Alb, 10; and MMF1Alb, 10; Fig. 1 ). Reasons for dropping out were: moved (n ¼ 12), refusal to have blood drawn (n ¼ 19), surgery (n ¼ 2), and noncooperation (n ¼ 11). The dropouts did not differ from the remaining children in any background characteristics. Consumption of the biscuits was comparable among groups (94.2, 94.8, 95.7, and 96.1% for the Placebo, MMF, Alb, and MMF1Alb groups, respectively). A total of 92.1% of children ate all of the intended servings and 466 children (91.3%) completed the final hematological and biochemical tests. The 4 study groups were comparable in all baseline characteristics ( Table 2 ). The age of the participants was 7.6 6 0.9 y and 52.4% were girls. Although the prevalence of anemia was 25.1%, the prevalence of low ferritin (,15 mg/L) (0.9%) and iron deficiency anemia (0.2%) was almost negligible (data not shown). The prevalence of iron deficiency based on plasma TfR (.8.5 mg/L) was 5.1% (Table 4) . Vitamin A deficiency (R , 0.7 mmol/L) was present in 11.2% of the children. More than onehalf of the children had low plasma zinc concentrations and the prevalence of low UIE was 44% (Table 4 ). The 4 groups were comparable in terms of multiple micronutrient deficiencies; .80% of the children were deficient in at least 1 micronutrient and 40% were deficient in $2.
The WAZ, HAZ, and WHZ were 21.53 6 0.71, 21.42 6 0.83, and 20.86 6 0.78, respectively (Table 2) , with the prevalences of underweight, stunting, and wasting being 28.5, 25.1, and 9.9%, respectively. Approximately 82% of the school children were infected with at least 1 kind of intestinal parasites, with no significant difference among the groups (data not shown). The prevalence of children infected with Ascaris, Trichuris, and hookworm was 65.2, 55.2, and 5.5%, respectively ( Table 5 ). The prevalence and intensity of parasite infection were similar across the intervention groups. The majority of children who were infected with hookworm and Trichuris (92.6 and 88.1%, respectively) had light intensity of infection and 95.9% of the children with Ascaris infection had light to moderate intensity (data not shown). The prevalence of hemoglobinopathies was low, with only 13 children (2.5%) having .5% of an abnormal form of Hb (mainly HbE; Table 2 ).
Effects of intervention on micronutrient status. After 4 mo of intervention, children receiving fortified biscuits had higher concentrations of Hb (1.87 mg/L higher; 95% CI: 0.78, 2.96), plasma ferritin (17.5 mg/L; 95% CI: 2.8, 12.6), and body iron (10.56 mg/kg body weight; 95% CI: 0.29, 0.84) than those not receiving fortified biscuits ( Table 3) . Deworming did not affect Hb and iron status. Children who received fortified biscuits also had a higher R than those that did not, with an estimated effect size of 0.041 mmol/L (P , 0.05). Consistent with the higher R concentrations, the MRDR (DR:R) was lower (indicating an increase in vitamin A liver stores) among children receiving the fortified biscuits (P , 0.001; ANCOVA). Deworming also tended to reduce the MRDR (P ¼ 0.066; ANCOVA). Plasma zinc and UIE were also improved in the children receiving fortified biscuits, with estimated effect sizes of 0.61 mmol/L and 22.5 mg/L (P , 0.01; ANCOVA), respectively. Deworming did not affect any micronutrient status, but the estimated effect sizes were approximately one-fourth to one-half of those receiving fortified biscuits. There was no interaction between deworming and fortification (P . 0.1; ANCOVA) on most indicators of micronutrient status, with the exception of R (P interaction ¼ 0.06).
Effect of intervention on micronutrient deficiency prevalence. Logistic regression adjusting for sex, CRP, and baseline biochemical indicators showed that fortification significantly reduced the prevalence of anemia. The odds of having anemia were reduced by 44% in children receiving fortified biscuits compared with children receiving nonfortified biscuits [adjusted odds ratio (OR) ¼ 0.56; 95% CI: 0.33, 0.95; P ¼ 0.032] ( Table  4) . Neither deworming nor fortification affected the prevalence of low R concentrations, but both lowered the prevalence of risk for insufficient vitamin A liver stores assessed by MRDR (fortification OR ¼ 0.65; 95% CI: 0.45, 0.94; P ¼ 0.023; deworming OR ¼ 0.67 95% CI: 0.46, 0.97; P ¼ 0.032). Furthermore, multi-micronutrient fortification reduced the odds of having zinc deficiency and low UIE by almost one-half (OR for zinc deficiency: 0.52; 95% CI: 0.36, 0.76; P ¼ 0.001) and low UIE: 0.53 (95% CI: 0.35, 0.79; P ¼ 0.002), adjusted for sex, age, CRP levels, and baseline zinc deficiency or low iodine excretions. Deworming did not affect the prevalence of anemia or other micronutrient deficiencies (Table 4) .
Effect of intervention on parasite infection. Controlling for sex and baseline Ascaris and Trichuris infections, the odds of having an Ascaris and Trichuris infection at the end of the study were reduced by approximately one-half by deworming at baseline (OR ¼ 0.42; 95% CI 0.25, 0.71; P ¼ 0.001; and OR ¼ 0.50, 95% CI 0.29, 0.87; P ¼ 0.015, respectively) ( Table 5) . There was a sharp decrease in prevalence of Ascaris and Trichuris 2 mo after deworming (Alb and MMF1Alb groups), but there was a rebound after 4 mo, indicating a high reinfection rate (Fig. 2) . Nevertheless, the effects of deworming in these 2 groups were still visible and parasitic infestations significantly differed from placebo after 4 mo. Interestingly, there were 1 Values are means 6 SD unless otherwise noted. 2 Geometric mean (25th, 75th percentiles). 3 Median (25th, 75th percentiles). 4 To convert to mmol/L, multiply by 0.00788. 5 Adjusted for age, baseline outcome values, and CRP levels (ANCOVA): a P , 0.05; b P , 0.01; c P , 0.001.
interactions between fortification and deworming on the prevalence of Ascaris (P ¼ 0.018) and Trichuris (P ¼ 0.016). There was a greater reduction in the prevalence of Ascaris and Trichuris in the MMF1Alb group than in the Alb group. Further, the effect was stronger for Ascaris than for Trichuris. Fortification without deworming did not affect the prevalence of Ascaris and Trichuris infections. There was no change in the prevalence of hookworm infections within and between groups after the intervention (Table 5) .
Discussion
This study was designed to investigate whether regular consumption of a multi-micronutrient-fortified biscuit with or without deworming could improve micronutrient status in school children. We found that despite the relatively short duration of the intervention (4 mo), multi-micronutrient-fortified biscuits significantly improved iron, vitamin A, zinc, and iodine status. Despite a high prevalence of anemia, the prevalence of iron deficiency and iron deficiency anemia was low in the present study. Ferritin concentrations may be within a normal range despite the presence of depleted iron stores in populations with high prevalence of infection and inflammation (31) . In the present study, the prevalence of elevated plasma CRP was low, indicating low incidence of acute infection, but chronic infection cannot be ruled out, because it was not measured. Moreover, the prevalence of hemoglobinopathy, another possible cause for high ferritin concentrations in the presence of anemia, was low, Therefore, the low prevalence of IDA in the presence of a high prevalence of anemia indicates higher contributions of other factors. We found significant effects of multiple fortification on concentrations of Hb and ferritin and on body iron store, suggesting a possibility of marginal iron deficiency (22, 37) . A similar effect on Hb was recently reported among Kenyan subjects with HIV infection in whom multi-micronutrient supplementation resulted in increased Hb concentrations only among those without signs of inflammation (38) .
Deficiencies of other micronutrients, namely vitamin A and riboflavin, may play an important role in the etiology of anemia in this population. At baseline, 11% of all children had low plasma concentrations. Although liver vitamin A stores were not measured at baseline, we assume that .50% of all children had low liver stores when the intervention began, based on the endpoint results from children assigned to the placebo group. Vitamin A supplementation has been shown to increase erythropoietin (EPO) (39) . A vitamin A metabolite, retinoic acid, has been reported to regulate the EPO gene, which, in turn, enhances EPO production in vitro in an animal model (40) . Providing vitamin A in the fortified biscuits may increase the mobilization of iron from storage (39, 41) , although the mechanism of this phenomena is still to be verified. In the present study, the increased vitamin A intake through MMF biscuits may have increased erythropoiesis and hence improved Hb concentrations. The MRDR test, which measures vitamin A liver stores, has been shown to be more responsive to vitamin A interventions than serum/R concentrations, less affected by subclinical infection, and a better discriminator of intervention effects on vitamin A status than serum/R concentrations (28, 31, 34) .
In the present study, both deworming and MMF improved liver vitamin A stores, but only MMF without deworming resulted in higher R concentrations. One reason for the different responses in mean R concentrations and MRDR after fortification and deworming could be that deworming affects the immune system's reactivity, perhaps with an increased Th2-responsiveness, affecting the release of retinol from the liver. In- depth immunological studies would be needed to test this hypothesis. However, MMF with or without deworming reduced the prevalence of low R to the same extent, indicating that in a vitamin A-deficient state, deworming does not affect the efficacy of MMF in improving R concentrations.
Riboflavin also plays an important role in iron absorption and utilization, heme synthesis, and RBC production (42) . There was a greater improvement in iron status when supplements contained both riboflavin and iron rather than iron alone (43) . Riboflavin supplementation was also shown to increase the hematological response to iron supplementation in pregnant women, anemic children, and adult men (44) . In the present study, we did not measure riboflavin concentrations, but riboflavin deficiency might be present, because it has been reported to be as high as .40% among school children in developing countries, such as Botswana (21) . Multi-micronutrient-fortified biscuits that contain several micronutrients, namely iron, vitamin A, riboflavin, vitamins B-6 and B-12, and folate, are likely to have a synergistic effect on erythropoiesis and thus on reducing anemia prevalence.
Single or concurrent micronutrient deficiencies of zinc, vitamin A, iron, vitamin C, vitamin E, and selenium have been found to impair immune functions. Vitamin A deficiency impairs both innate immunity and adaptive immune response to infection, resulting in an impaired ability to counteract extracellular infections (45, 46) . Both T lymphocyte-mediated immune responses and antibody production are important in reducing parasite invasion and in eliminating them (47) . Overall, micronutrient deficiencies have negative effects on the body's resistance to intestinal parasites, resulting in increased incidence, intensities, and duration of infection (48, 49) . In this study, we found that combining fortification with deworming enhanced the effect of Alb, especially for Ascaris infection. With multimicronutrient-fortified biscuits, more children were parasite free after 2 mo and more children remained parasite free at 4 mo compared with the group that received Alb alone (Fig. 2) . These effects could be due to improved host immune response and increasing resistance to reinfection. Although the present study cannot attribute the effects to any specific micronutrients, the results show that deworming programs can be made more effective when combined with this food-based strategy.
In conclusion, this study showed that anemia and deficiencies of zinc, iodine, and vitamin A are highly prevalent among children in 2 primary schools in rural Vietnam. The high pre- valence of vitamin A and zinc deficiency are of concern, because vitamin A and zinc are essential for optimal immune function, whereas the high prevalence of iodine deficiency (;40%) may have grave consequences on cognitive performance. The addition of vitamins and minerals in the fortified biscuits through a school-based program offers an efficacious and feasible means to supply micronutrients for school children at risk of micronutrient deficiencies. The cost of the biscuits was ,0.08 US$ per serving. Furthermore, considering the high prevalence of parasite infection, the low cost of Alb (,0.05 US$), the low occurrence of side effects (,1%), and the potential additional benefits from treatment (such as effects on cognitive development), deworming should be included for these schoolchildren (50) . Multi-micronutrient-fortified, school-based feeding reduced anemia prevalence, significantly increased micronutrient status, and enhanced the effect of deworming by maintaining a lower prevalence of children infected with parasites for a longer duration. Although deworming did not affect micronutrient status in the present study, it did not adversely affect the impact of multi-micronutrient fortification on these outcomes. It is not known whether this intervention would have any effect on functional outcomes.
